INTRODUCTION {#s1}
============

Triple-negative breast cancer (TNBC) is a heterogeneous disease comprising several biologically distinct subtypes, each of which is associated with a distinct gene ontology and drug sensitivity \[[@R1], [@R2]\]. Currently, TNBC is managed mainly with chemotherapy, because no targeted therapies have been approved for the treatment of this disease. Nevertheless, nearly 50% of TNBC tumors overexpress the epidermal growth factor receptor (EGFR) \[[@R3], [@R4]\], thus suggesting that the EGFR may serve as a molecular marker of these tumors and that the EGFR pathway may have promise as a therapeutic target in TNBC management \[[@R4]\]. Agents such as monoclonal antibodies that bind the extracellular ligand-binding domain of the EGFR (e.g., Cetuximab) or small molecules that inhibit the intracellular tyrosine kinase domain of the EGFR (e.g., Gefitinib/Iressa) have shown only limited effectiveness against TNBC because resistance frequently and rapidly develops; thus, metastatic TNBC often has a poor prognosis. Only 10--20% of TNBC patients show marked clinical improvement in response to therapy \[[@R5], [@R6]\]. Thus, improving the efficacy of anti-EGFR therapy in TNBC is needed.

EGFR is a plasma membrane-bound receptor tyrosine kinase that initiates growth and survival signals but can also localize to and function from the nucleus \[[@R7]--[@R9]\]. Thus, TNBCs rely on two distinct types of EGFR signaling to sustain their oncogenic phenotype" classical membrane-bound EGFR signaling and nuclear EGFR (nEGFR) signaling. The actions of both types of signaling promote TNBC resistance to anti-EGFR therapeutic agents \[[@R7], [@R10]\]. One mechanism underlying these actions is crosstalk between the EGFR and other signaling proteins, such as c-met and c-Src \[[@R11]\]. The paracrine pathways that are active within the TNBC microenvironment and facilitate the crosstalk promoting EGFR resistance have not been fully elucidated.

IL-17E is a member of the pro-inflammatory IL-17 cytokine family, which binds the IL-17RA/IL17RB complex. It is highly expressed in certain organs, including the testis and pancreas, and is not highly expressed in other organs, such as normal breast \[[@R12], [@R13]\]. Normal mammary epithelial cells (MECs) transiently produce IL-17E during mammary gland development, and IL-17E acts in conjunction with other MEC-secreted factors in preventing malignant cell growth \[[@R14]\]. Consistently with these findings, our recent report has demonstrated that IL-17E is scarcely detectable in normal adult breast tissues but is expressed in some tumor tissues, including TNBC tissues, as a component of their microenvironment \[[@R15]\]. IL-17E causes apoptosis in breast cancer cells expressing its receptor \[[@R14]\], and its secretion by tumor-associated fibroblasts suppresses the growth of human mammary tumor MDA-MD-231 cells serving as a metastasis control checkpoint \[[@R16]\]. Paradoxically, the IL-17E receptor subunits IL17-RA and RB are overexpressed in TNBC tumors \[[@R15]\], and IL17-RB expression is associated with a poor prognosis \[[@R17]\]. Furthermore, we have shown that, similarly to IL-17A, IL-17E does not induce cell death by binding to its receptor on TNBC cells but instead activates oncogenic pathways, such as c-raf and p70S6 pathways, thus resulting in Docetaxel resistance \[[@R15]\]. The signaling cascades downstream of the IL-17E receptor have never been explored with respect to TNBC resistance to anti-EGFR therapeutic agents.

This study builds on our previous report \[[@R15]\] and explores the crosstalk between IL-17E and EGF signaling in the context of anti-EGFR-resistant TNBC tumors and the eventual contribution of this crosstalk to therapy resistance. We found that IL-17E and EGF trigger interconnected molecular signaling pathways in TNBC cells through their specific receptors, thus suggesting that EGFR/IL-17RB crosstalk promotes TNBC resistance to anti-EGFR therapeutic agents. Hence, our findings provide the first evidence of the potential of the IL-17E/IL-17RB axis as a therapeutic target in the management of TNBC tumors and eventually other EGFR and IL-17RA/RB co-expressing tumors.

RESULTS {#s2}
=======

IL-17E phosphorylates the EGFR in Iressa-resistant TNBC cell lines and potentiates their resistance {#s2_1}
---------------------------------------------------------------------------------------------------

TNBC *ex-vivo*-derived IJG-1731 cells and BT20 and MDA-MB468 cells are established TNBC tumors models that exhibit pronounced resistance to a specific inhibitor of EGFR phosphorylation, Iressa, even when exposed to high concentrations (1 μM) of this inhibitor for 48 hours (Figure [1A](#F1){ref-type="fig"} upper panel). IJG-1731, BT-20 and MDA-MB468 cells exhibit different levels of EGFR expression and distinct Y845 EGFR and Y1086 EGFR phosphorylation patterns (Y845 EGFR is a substrate for Src kinase, and Y1086 EGFR is directly phosphorylated by EGFR) \[[@R18], [@R19]\] after treatment with EGF (10 ng/ml), thus reflecting the heterogeneity of TNBC tumors (Figure [1A](#F1){ref-type="fig"} lower panel). Similarly to EGF treatment, IL-17E treatment (10 ng/ml) induced the phosphorylation of both Y845 EGFR and Y1086 EGFR (Figure [1A](#F1){ref-type="fig"} lower panel). The intensity of IL-17E-induced EGFR phosphorylation was comparable to that of EGF-induced EGFR phosphorylation and was consistent with the basal levels of EGFR expression in the cell lines. Similarly to Iressa, IL-17E (10 ng/ml) did not induce cell death, either alone or in combination with Iressa (1 μM), in any of the cell lines; instead, it potentiated resistance to EGFR inhibitors (Figure [1B](#F1){ref-type="fig"}). Together, these results suggest that EGFR and IL-17E signaling may interact and together sustain TNBC resistance to EGFR inhibitors.

![IL-17E phosphorylates the EGFR in Iressa-resistant TNBC cell lines\
(**A**) In the upper panel, IJG-1731, BT20, and MDA-MB468 TNBC cells were cultured alone or in the presence of increasing concentrations of the EGFR inhibitor Iressa (0.25 (■), 0.5 (■), and 1 (■) μM) for 48 hours, and cell death was evaluated by determining the percentage of 7AAD-positive cells and by flow cytometry analysis. The results are presented as the mean ± SD of three independent experiments performed in triplicate. In the middle panel, TNBC cells were cultured alone or in the presence of IL-17E (10 ng/ml) or EGF (10 ng/ml), and the phosphorylation of EGFR at residues Y845 and Y1086 was assessed by western blotting. Membranes were re-blotted with anti-EGF as a loading control. Data are representative of 3 independent experiments. In the lower panel, densitometric quantification of EGFR phosphorylation, as shown in the representative blots, is expressed as the ratios of pY845 EGFR to EGFR (■) and pY1086 EGFR to EGFR (■). (**B**) IJG-1731, BT20, and MDA-MB468 TNBC cells were cultured alone or in the presence of Iressa (1 μM), IL-17E (10 ng/ml), or a combination of both for 48 hours, and the percentage of 7AAD-positive cells was determined by flow cytometry. The results are presented as the mean ± SD of three independent experiments performed in triplicate. Student *t*-test was used (\**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001) compared with medium alone.](oncotarget-07-53350-g001){#F1}

IL-17E promotes EGFR phosphorylation in TNBC cell lines {#s2_2}
-------------------------------------------------------

Previous studies have shown that STAT3, PYK-2, and Src kinase phosphorylation is essential for EGFR phosphorylation \[[@R20]\]. Consequently, we examined the phosphorylation statuses of these essential kinases in the three cell lines treated with IL-17E. Similarly to EGF, IL-17E induced considerable STAT3-α and β phosphorylation at Y705 in IJG-1731 and BT20 cells (Figure [2A](#F2){ref-type="fig"} and [2B](#F2){ref-type="fig"}). The phosphorylation levels of both STAT3-α and β were in accordance with the phosphorylation levels of Y1086 and Y845 EGFR in these cell lines (Figure [1A](#F1){ref-type="fig"}). IL-17E-induced STAT3-α and β phosphorylation was less evident in MDA-MB468 cells (Figure [2C](#F2){ref-type="fig"}), probably because of elevated STAT3-α phosphorylation, but was consistent with IL-17E-induced EGFR phosphorylation levels (Figure [1A](#F1){ref-type="fig"}). Treatment with IL-17E also induced PYK2 and Src kinase phosphorylation at residues Y402 and Y416, respectively, in the three cell lines at levels comparable to those induced by EGF (Figure [2](#F2){ref-type="fig"}).

![IL-17E phosphorylates the kinases essential for EGFR activation\
IJG-1731 (**A**), BT20 (**B**), and MDA-MB468 (**C**) cells were cultured alone or in the presence of IL-17E (10 ng/ml) or EGF (10 ng/ml), and then STAT3 phosphorylation at Y705, PYK-2 phosphorylation at Y402 and Src phosphorylation at Y416 were assessed by western blotting (left panel). Membranes were re-blotted with anti-EGF or anti-STAT3α/β antibodies, which served as loading controls. Data are representative of 3 independent experiments. In the right panel, densitometric quantification of STAT3a/b, PYK-2 and Src phosphorylation, as shown in the representative blots, is expressed as the ratios of pY705 STAT3a and b to their respective un-phosphorylated forms, pY402 PYK-2, pY416 Src and EGFR, as indicated.](oncotarget-07-53350-g002){#F2}

Thus, IL-17E and EGF similarly phosphorylate the essential kinases implicated in EGFR phosphorylation; hence, IL-17E may contribute to TNBC resistance to EGFR inhibitors.

IL-17E signaling interacts with EGF signaling {#s2_3}
---------------------------------------------

To substantiate the contributions of IL-17E to TNBC resistance to EGFR inhibitors, we examined the interactions between IL-17E- and EGF-induced signaling. Sustained EGFR activity requires both Src and EGFR activation \[[@R16]\]. Therefore, we first determined the involvement of Src kinase in IL-17E-induced EGFR phosphorylation. TNBC tumor cell lines were pre-treated with the Src kinase-specific inhibitor AZM475271 and then stimulated with either IL-17E or EGF. Treatment with AZM475271 inhibited IL-17E- and EGF-induced Src phosphorylation but also abolished Y1086 EGFR phosphorylation in IJG-1731 and BT20 cells and, to a lesser extent, in MDA-MB468 cells (Figure [3A](#F3){ref-type="fig"}). Thus, similarly to EGF-induced EGFR phosphorylation, IL-17E-induced EGFR phosphorylation is also Src-dependent. This result suggests that IL-17E and EGF can transactivate the EGFR in TNBC tumors.

![IL-17E-induced EGFR phosphorylation is dependent on Src and EGFR kinase activity\
IJG-1731, BT20, and MDA-MB468 cells were treated with the Src specific inhibitor AZM475271 (10 μM) (**A**), Iressa (0.25 μM) (**B**), or control DMSO and then stimulated with IL-17E (10 ng/ml), EGF (10 ng/ml) or with medium alone. EGFR and Src phosphorylation was then assessed by western blotting (left panel). Loading controls were determined by re-blotting the membranes with an anti-EGFR antibody. Data are representative of at least 2 independent experiments. In the right panel, densitometric quantification of Y416 Src and Y1086 EGFR, as shown in the representative blots, is expressed as the ratios of pY416 Src to EGFR and pY1086 EGFR to EGFR, as indicated.](oncotarget-07-53350-g003){#F3}

We then examined whether IL-17E-induced EGFR phosphorylation requires EGFR activity. TNBC cell lines were treated with Iressa, the specific inhibitor of EGFR phosphorylation, and then stimulated with IL-17E, EGF or a combination of both, and EGFR phosphorylation status was analyzed by western blotting. Treatment with Iressa elicited similar decreases in IL-17E- and EGF-induced Y1086-EGFR phosphorylation in the three cell lines (Figure [3B](#F3){ref-type="fig"}) and markedly decreased EGFR tyrosine phosphorylation induced by the combination of IL-17E and EGF in BT20 and MDA-MB468 cells and, to a lesser extent, in IJG-1731 cells (Figure [3B](#F3){ref-type="fig"}). Altogether, these data indicate that, similarly to EGF-induced phosphorylation, IL-17E-induced EGFR phosphorylation requires both Src and EGFR kinase activity; thus, EGF and IL-17E are interconnected and may synergistically activate and sustain EGFR phosphorylation in TNBC.

IL-17E synergizes with EGF through its specific receptor IL17RA/IL17RB {#s2_4}
----------------------------------------------------------------------

Src pathway activation is essential for optimal EGFR activity. Therefore, to explore the synergistic effects of IL-17E and EGF on EGFR activation, we examined the phosphorylation status of Src in TNBC cells stimulated with increasing concentrations of EGF in the presence or absence of IL-17E. Stimulation of MDA-MB468 cells with IL-17E or EGF at suboptimal concentrations of 1 ng/ml and 0.1--1 ng/ml, respectively, did not induce significant Src phosphorylation at Y416 (Figure [4](#F4){ref-type="fig"}). However, stimulation with 1 ng/ml IL-17E and suboptimal concentrations of EGF (0.1 and 1 ng/ml) induced a level of Y416Src phosphorylation similar to that induced by 10 mg/ml EGF alone (Figure [4](#F4){ref-type="fig"}). These results indicate that IL-17E and EGF synergistically activate Src kinase. The presence of the anti-IL-17E receptor (IL-17RA/RB)-blocking antibody, but not its isotype control, substantially decreased Src phosphorylation at Y416 by 0.1 and 1 ng/ml EGF in the presence of IL-17E (Figure [4](#F4){ref-type="fig"}). Thus, the synergistic effects of IL-17E are mediated by its recruitment to its specific receptor, IL-17RA/RB.

![IL-17E synergizes with EGF in phosphorylating Src kinase\
MDA-MB468 cells were left untreated or treated with anti-IL-17RB mAb (10 μg/ml) or its isotype IgG control and then stimulated with IL-17E (1 ng/ml), EGF (0.1--10 ng/ml), or a combination of IL-17E (1 ng/ml) and various concentrations of EGF (0.1--10 ng/ml). Src phosphorylation (p416Src) was then assessed by western blotting using specific anti-pSrc antibodies. Re-blotting with anti-Src antibody was performed to determine equal loading. Data are representative of 2 independent experiments. In the lower panel, densitometric quantification of Y416 Src, as shown in the representative blots, is expressed as the ratio of pY416 Src to total Src.](oncotarget-07-53350-g004){#F4}

IL-17E facilitates pEGFR and pSTAT3 translocation to the nucleus {#s2_5}
----------------------------------------------------------------

The translocation of phosphorylated EGFR to the nucleus is an integral component of the cascade that results in tumor resistance to EGFR therapeutic agents. Therefore, to determine the contribution of IL-17E to TNBC therapy resistance, we investigated the effect of IL-17E on EGFR nuclear translocation. Using immunofluorescence microscopy, we examined EGFR localization in TNBC cell lines stimulated with EGF, IL-17E, or both. In agreement with results from previous reports \[[@R21]\], EGF induced strong EGFR translocation from the membrane to the nucleus in MDA-MB468 TNBC cells (Figure [5A](#F5){ref-type="fig"}). Stimulation with IL-17E also induced EGFR translocation to the nucleus, but to a lesser extent than stimulation with EGF (Figure [5A](#F5){ref-type="fig"} upper panel). Importantly, the combination of IL-17E and EGF induced markedly increased EGFR translocation compared with that induced by each cytokine alone (Figure [5A](#F5){ref-type="fig"} upper panel).

![IL-17E facilitates pEGFR and pSTAT3 co-translocation to the nucleus\
MDA-MB468 (**A**) or BT20 (**B**) cells were stimulated with IL-17E (10 ng/ml), EGF (10 ng/ml) or a combination of both. In the upper panel of (A) and (B), EGFR localization, as assessed by immunostaining with anti-EGFR antibodies (red). Nuclei were visualized with DAPI (blue). In the lower panel of (A) and (B), translocation of EGFR, STAT3α/β, and their phosphorylated counterparts from the cytoplasm to the nucleus, as assessed by western blotting using specific antibodies. Anti-β actin and H3 histone antibodies were used as loading controls for the cytoplasmic and nuclear fractions, respectively. Data are representative of 2 independent experiments. Densitometric quantifications are presented in [Supplementary Figure 1](#SD1){ref-type="supplementary-material"} (MDA-MB468) and [Supplementary Figure 2](#SD1){ref-type="supplementary-material"} (BT20).](oncotarget-07-53350-g005){#F5}

To support these data, we subsequently isolated the cytoplasmic and nuclear fractions of IL-17E-, EGF- or IL-17E+EGF-stimulated MDA-MB468 cells and examined the levels of EGFR and its phosphorylated counterpart pY1086EGFR. Compared with EGF alone, IL-17E induced EGFR phosphorylation but did not induce significant EGFR nuclear translocation despite its capacity to induce non-phosphorylated EGFR nuclear translocation. Both forms of EGFR were translocated to the nucleus when MDA-MB468 cells were stimulated with the combination of IL-17E and EGF (Figure [5A](#F5){ref-type="fig"} lower panel and [Supplementary Figure S1](#SD1){ref-type="supplementary-material"}).

STAT3 binds the EGFR through a motif including pY1086 \[[@R22]\]. In addition, the correlation between pEGFR and pSTAT3α/β is well established and has been implicated in tumor resistance \[[@R23]\]. Therefore, we also examined STAT3 nuclear translocation and assessed the statuses of pSTAT3α and β, as well as those of their non-phosphorylated counterparts. IL-17E and EGF alone induced STAT3α and β translocation; however, the combination of the two agents triggered more significant pSTAT3α and β nuclear translocation than either agent alone.

To confirm these findings, we performed the above experiments with the BT20 cell line and obtained similar results. However, less EGFR and pSTAT3α and β translocation was induced by IL-17E and EGF in BT20 cells than in MDA-MB468 cells (Figure [5B](#F5){ref-type="fig"} and [Supplementary Figure S2](#SD1){ref-type="supplementary-material"}). This result is probably due to the inherent heterogeneity of TNBC tumor responses to various stimuli.

Together, these data indicate that the presence of IL-17E within the TNBC tumor microenvironment probably promotes and sustains EGFR activation and translocation and ultimately results in tumor resistance.

DISCUSSION {#s3}
==========

Strategies for efficiently combating TNBC remain to be developed. This exploratory study assessed the IL-17E/IL-17RB pathway as a potential new target for the development of more efficient therapies for TNBC. Collectively, our data demonstrate that the IL-17E/IL-17RB pathway contributes to TNBC resistance to EGFR therapeutics through a loop that amplifies and sustains the phosphorylation of the main EGFR downstream kinases implicated in tumor resistance. Thus, blocking IL-17E or its receptor in conjunction with EGFR inhibitor administration may represent a novel strategy for treating these tumors.

We found that, consistently with the results of studies of hepatocyte growth factor (HGF) in breast cancer \[[@R11]\], Src and PYK2 activation also occurred downstream of the IL-17E receptor in TNBC cells. Inhibition of EGFR activation downstream of the IL-17E via administration of the Src-specific inhibitor AZM475271 supports this idea. IL-17E-induced Y1086EGFR phosphorylation in TNBC cells is dependent on EGFR kinase activity, as evidenced by the specific inhibition of this phosphorylation via administration of the EGFR kinase inhibitor Iressa. However, EGFR phosphorylation at Y1086 may also occur in the absence of EGFR kinase activity through pSrc/PYK2 crosstalk \[[@R21], [@R24]\]. The results obtained with IJG-1731 cells in this study support this idea and highlight the importance of pSrc/PYK2 crosstalk as a signaling checkpoint and molecular memory mechanism underlying tumor metastasis signaling \[[@R24]\].

The synergy between EGF and IL-17E is indicative of the pro-oncogenic role played by the IL-17 protein family in TNBC tumors. The presence of IL-17E in the TNBC tumor microenvironment may pre-activate the EGFR via Src/PYK2 crosstalk, thus resulting in enhanced sensitivity to EGF and potentially other EGFR ligands. Under these conditions, very low concentrations of EGFR ligands and weak expression (or accessibility) of this receptor are sufficient to activate tumor cells. Conversely, the above-mentioned increases in IL-17E-induced EGFR phosphorylation and nuclear translocation in the presence of EGF indicate that EGF also probably enhances the capacity of IL-17E to activate the EGFR and may serve as additional proof of the synergy between EGF and IL-17E with respect to sustaining EGFR activation in TNBC cells.

The EGFR is an important mediator of tumor development and progression, whereas IL-17E affects cell cycle progression, both in TNBC cells and in other breast cancer cells, such as human epidermal growth factor receptor 2 (HER2)-positive tumor cells \[[@R15]\]. Whether the effects of IL-17E on the cell cycle are dependent on the transactivation of EGFR or that of its family members (e.g., HER2) has not been determined. Nevertheless, the results described herein, together with those of our previous report, show the importance of IL-17A in pro-oncogenic signaling in breast cancer \[[@R25]\] and are indicative of the key roles played by IL-17 family members within the TNBC microenvironment. They also reinforce the idea that inflammation is a critical component of tumor progression \[[@R26], [@R27]\].

Our results demonstrate that IL-17E, in addition to its involvement in tumor progression \[[@R15]\], contributes to EGFR resistance. Our results provide the first evidence of IL-17E\'s involvement in EGFR remodeling and subcellular localization. Physiological EGF leads to EGFR degradation through receptor-mediated endocytosis and endosomal trafficking to lysosomes \[[@R28]\]. Therefore, IL-17E may alter EGFR degradation in malignant cells. Importantly, the nuclear fraction of EGFR contributes to Cetuximab resistance \[[@R10]\] and Iressa resistance \[[@R29]\]. IL-17E-mediated EGFR nuclear translocation, which is accompanied by pSTAT3 translocation, maintains EGFR phosphorylation and confers resistance to anti-EGFR therapeutic agents. Our data suggest that IL-17E-induced EGFR translocation facilitates the transport of pEGFR-associated pSTAT3 to the nucleus \[[@R22], [@R30]\]. In the nucleus, STAT3 activates the transcription of genes associated with tumor metastasis, as well as the transcription of anti-apoptotic and angiogenic genes, similarly to its function in various types of cancer \[[@R23], [@R31]--[@R33]\].

IL-17E-induced signaling is mediated through its specific heterodimer receptor IL17RA/IL17RB. Thus, IL-17E-induced resistance to anti-EGFR treatments conferred by Src activation and STAT3 and EGFR translocation is at least partially under the control of the IL-17E receptor, IL17RA/IL17RB, thus raising the question of whether it is involved in the treatment resistance associated with IL-17A and IL-17B, which share common co-receptors with IL-17E (IL-17RA and IL-17RB, respectively) \[[@R34]\]. Consistently with this idea, previous studies have shown that the IL-17RB/IL-17B signaling pathway promotes tumorigenicity and etoposide resistance in breast cancer cells through NFκB activation and Bcl-2 up-regulation \[[@R16]\]. Further investigation of these signaling mechanisms may improve the specificity and efficacy of biotherapies targeting these receptors.

Our findings advance the current understanding of anti-EGFR immunotherapy failures in breast cancer. IL-17E-induced signaling may also be interconnected with signaling mediated by other EGF receptor family members, such as HER2 and HER3, and contribute to their resistance to specific drugs. IL-17E is abundant in most metastatic tumors found in the brain \[[@R35], [@R36]\], liver \[[@R37]\] and lung \[[@R38]\]. However, whether IL-17E is pro-oncogenic or anti-oncogenic remains under debate.

Studies in animal models of colon cancer have demonstrated that IL-17E plays an inhibitory role with respect to the chronic inflammation associated with this disease \[[@R39]\]. Studies of hepatocellular carcinoma have shown that IL-17E activates the NFκB and Jak/STAT3 signaling pathways in cancer stem cells, thus resulting in tumor growth and progression and suggesting that IL-17E/IL-17RB may be a therapeutic target in the treatment of this disease \[[@R40]\]. In our TNBC model, direct IL-17E signaling via IL-17RB activated various signaling pathways associated with IL-17-induced tumor proliferation and progression \[[@R41], [@R42]\] and did not induce tumor cell apoptosis \[[@R15]\]. In contrast, Furata and colleagues have shown that IL-17E induces apoptosis in breast cancer cells \[[@R14]\], and Benatar and colleagues have reported that it exerts antitumor effects on xenografted tumors \[[@R43]\]. IL-17E is not the only member of IL-17 family that exerts contrasting effects in the setting of tumor progression. Direct or indirect Stat3 pathway activation by IL-17A promotes the proliferation and progression of various tumors, whereas IL-17A-mediated adaptive and innate immune responses exert anti-tumor effects \[[@R41], [@R42], [@R44]--[@R47]\]. The mechanisms underlying the contrasting roles played by members of the IL-17 family have not been fully elucidated. However, it is likely that IL-17 family members promote or suppress tumorigenesis in specific cell types and at specific stages of disease in response to specific cytokines present at the tumor site. The combination IL-17 signaling-mediated effects on tumor cell behavior at a specific stage of differentiation and various environmental factors probably determines whether tumor proliferation or apoptosis ultimately occurs.

In summary, our study provides the first evidence suggesting the possible role of IL-17E in tumor resistance to anti-EGFR therapeutic agents. Blocking either IL-17E or its receptor in combination with EGFR inhibitor administration might reduce the likelihood of tumor resistance and enhance therapeutic efficacy.

MATERIALS AND METHODS {#s4}
=====================

Cell culture {#s4_1}
------------

BT20 and MDA-MB468 triple-negative (HER2-, ER-, PR-) cells were obtained from the American Type Culture Collection (ATCC N°HTB19 and ATCC N°HTB132, respectively). The LumB and Her2-, ER-, PR-negative IJG-1731 cell line was previously established in our laboratory, as described elsewhere \[[@R15]\], and was used as primary tumor cells model. Briefly, IJG-1731 were liberated from a patient LumB tumor biopsy characterized as an ypT2N1aM tumor, grown in culture media for several weeks for stabilization, and phenotyped as negative for estrogen, progesterone and HER2 receptors and positive for EGFR (HER1). BT20 and IJG-1731 cells were grown in complete RPMI-1640 medium with L-glutamine supplemented with 10% fetal calf serum (FCS) and penicillin--streptomycin solution (100 μg/ml each) (Life Technology, Saint-Aubain, France). MDA-MB468 cells were grown in a complete DMEM-F12 medium with glutamine, 10% FCS and penicillin--streptomycin. All cells were maintained in a humidified 5% CO~2~ atmosphere at 37°C. All experiments were conducted with confluent cells after overnight starvation.

Antibodies and reagents {#s4_2}
-----------------------

Rabbit anti-pEGFR (Y845), anti-pEGFR (Y1086), anti-pPYK2 (Y402), anti-pSTAT3 (Y705), anti-pSrc Family (Y416), anti-EGFR, anti-STAT3, anti-β-actin and Alexa 594-conjugated anti-rabbit F(ab)\'2 fragment antibodies were purchased from Cell Signaling Technology (Danvers, MA, USA). Rabbit anti-Histone H3 antibodies were purchased from Thermo Scientific (Rockford, NY, USA). Isotype control IgG (MAB002) and anti-IL-17RB antibodies were purchased from R&D systems (Minneapolis, MN, USA). Iressa (Gefitinib) and the Src inhibitor AZM475271 were obtained from Tocris Bioscience (R&D systems). 7-AAD was purchased from Beckman (Coulter, France). EverBrite mounting medium with DAPI was purchased from Biotium (Hayward, CA, USA).

Cell death {#s4_3}
----------

Cells (3 × 10^5^) were seeded in 6-well plates in complete medium for 24 hours and then starved overnight. Cells were stimulated for 48 hours at 37°C with IL-17E (10 ng/ml), Iressa (0.25, 0.5 or 1 μM) or a combination of both, as indicated. The cells were then harvested with cold PBS/0.5 mM EDTA, washed and stained with 7-AAD, according to the supplier\'s recommendations. Cell analysis was performed on a FC500 flow cytometer.

Cellular fractionation {#s4_4}
----------------------

Cells (3 × 10^5^) were seeded in 6-well plates in complete medium for 24 hours and then starved overnight. The cells were stimulated for 2 hours at 37°C with IL-17E (10 ng/ml), EGF (10 ng/ml), or a combination of both, as indicated. The cells were then washed with PBS and lysed in lysis buffer (10 mM HEPES, 15 mM MgCl~2~, 10 mM KCl, 0.5 mM DTT, 0.2 mM PMSF, 1 mM Na~3~VO~4~, 10 mM NaF, and 0.5% Nonidet P-40). After the cells were incubated on ice for 20 minutes, the cytoplasmic fraction was obtained via centrifugation for 10 seconds at 10000 rpm at 4°C, and the nuclear pellet was washed with lysis buffer. For nuclear protein extraction, the isolated nuclei were suspended in buffer containing 20 mM HEPES, 25% glycerol, 420 mM NaCl, 15 mM MgCl~2~ and 0.2 mM EDTA supplemented with PMSF, DTT and Na~3~VO~4~, as above. After incubation for 20 minutes at 4°C, the nuclear extract was collected via centrifugation for 10 minutes at 10000 rpm. Protein concentrations were determined by using the Bradford method. Samples were mixed with Laemmli buffer, heated for 10 minutes at 95°C, and then subjected to 8% SDS-PAGE. Proteins were subsequently transferred to nitrocellulose membranes, hybridized with specific anti-EGFR, anti-pY1086EGFR, anti-STAT3 or anti-pY705STAT3 antibodies, and then detected with ECL. Anti-β-actin and anti-Histone H3 antibodies were used as loading controls.

Tyrosine phosphorylation {#s4_5}
------------------------

Cells (3 × 10^5^) were seeded in 6-well plates in complete medium for 24 hours and then starved overnight. The cells were then stimulated with IL-17E (10 ng/ml), EGF (10 ng/ml), or a combination of both for 30 min in serum-free medium. The cells were then lysed in 1% Triton ×100 buffer and left on ice for 1 hour. Protein samples were then subjected to 8% SDS-PAGE. Western blotting was performed using specific antibodies to assess the phosphorylation of various kinases. In some experiments, cells were treated with AZM475271 (10 μM) or Iressa (0.25 μM) prior to stimulation with IL-17E, EGFR, or a combination of both, as indicated.

Immunofluorescence microscopy {#s4_6}
-----------------------------

Cells (4.10^3^) were grown on Lab-Tek chamber slides in complete culture medium for 24 hours and then starved overnight. The cells were then stimulated with IL-17E (10 ng/ml), EGF (10 ng/ml) or a combination of both for 2 hours at 37°C, washed, and fixed with 4% paraformaldehyde (PFA)-PBS solution at 4°C. Cells were then permeabilized with 0.5% Triton-X-100 in PBS, saturated with 20% FCS in PBS and incubated 18 hours with anti-EGFR (1/500) in 10% FCS-PBS. Slides were mounted with mounting medium containing DAPI and then visualized with a Leica DMRB fluorescence microscope. Image analysis was performed with Archimed software (Microvision).
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